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PREFACE 


The High-Speed Research Program sponsored the NASA High-Speed Research Program 
Aerodynamic Performance Review on February 8-12, 1999 in Anaheim, California. The review 
was designed to bring together NASA and industry High-Speed Civil Transport (HSCT) 
Aerodynamic Performance technology development participants in areas of: Configuration 
Aerodynamics (transonic and supersonic cruise drag prediction and minimization) and High-Lift. 
The review objectives were to: (1) report the progress and status of HSCT aerodynamic 
performance technology development; (2) disseminate this technology within the appropriate 
technical communities; and (3) promote synergy among the scientist and engineers working HSCT 
aerodynamics. The HSR AP Technical Review was held simultaneously with the annual review of 
the following airframe technology areas: Materials and Structures, Environmental Impact, Flight 
Deck, and Technology Integration Thus, a fourth objective of die Review was to promote synergy 
between the Aerodynamic Performance technology area and the other technology areas within the 
airframe element of the HSR Program. 

The work performed in the Configuration Aerodynamics (CA) element of the High-Speed 
Research Program during 1998 was presented in the following sessions: 

Propulsion Integration 
Analysis Methods 
Design Optimization 
Testing 

The work performed in the High Lift (HL) element of the High-Speed Research Program during 
1998 was presented in the following sessions: 

High-Lift Configuration Development 
Tools and Methods Development 

The proceedings for the Aerodynamic Performance Annual Review are published in three 
volumes: 

Volume I, Parts 1 and 2 Configuration Aerodynamics 

Volume II, Parts 1 and 2 High Lift 

AP Review Chairperson: David Hahne 

NASA Langley Research Center 
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Definitions of Three CFD Problems 
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. 5% TC A Model/Tunnel 3. 5% TC A Model/Tunnel/Posts 



Relative Locations of 5% TCA and Posts 
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5 % TCA Model Inside NASA/Ames 
12-ft Pressure Tunnel 
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Free-Air 5% TC A Model/Tunnel 5% TCA Model/Tunnel/Posts 






MAGGIE Calculated Overset Grid 

5% TCA Model/Tunnel/Posts 


















MAGGIE Calculated Overset Grid (Continued) 
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MAGGIE Calculated Overset Grid 

5% TCA Model/Tunnel/Posts 
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Cross-sectional Grids 



MAGGIE Calculated Overset Grid (Concluded) 
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Region of Grid Refinement and Pressure Tap Location 
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Region of Grid Refinement and Pressure Tap Locations 

for 5% TCA Model 
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Dimensions of Computational Grids 
for 5 % TCA Model 
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Enhancements of CFL3D/MAGGIE 
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One executable for all problems 

Force and moment integration 
over overlapping regions 
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IVISC=3: Baldwin-Lomax Model with Degani-Schiff Modification 
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Here, 7D/M is the maximum number of cells in the j-directjion. 






Effects of Searching Distance on Chordwise Cp 
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Effects of Searching Distance on Chordwise Cp 

in Baldwin-Lomax/Degani-Schiff Model 
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Comparison of Velocity Profiles 

at Span Station z = 31.5” 
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Set 1 : Post Effects and Comparison of Chordwise Cp 
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HSCT High Lift Aerodynamics 

Set 1 : Comparison of Surface Cp Contours (Continued) 
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Comparison of Surface Cp Contours 



5% TCA Model/Tunnel 5% TCA Model/Tunnel/Posts 



Set 1: Post Effects and Comparison of Chordwise Cp (Concluded) 
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HSCT High Lift Aerodynamics 

Set 1 : Post Effects and Comparison of Spanwise Cp 
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Set 1 : Post Effects and Comparison of Span wise 
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Set 1: Post Effects and Comparison of Spanwise Cp (Concluded) 
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Set 2: Post Effects and Comparison of Chordwise Cp 
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Set 2: Post Effects and Comparison of Chordwise Cp (Concluded) 
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Set 3: Post Effects and Comparison of Chord wise 
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Set 3: Post Effects and Comparison of Spanwise Cp (Concluded) 
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Comparison of the Lower Wing Surface Pressures 
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Comparison of the Lower Wing Surface Pressures 

between the Model/Tunnel and Model/Tunnel/Posts Cases 
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CFD Wind-Tunnel Simulation 

for a 5 % HSCT TCA Model 



Blowup Showing the Over-Wing Vortex Flow 
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Pressure Contours around the Posts 
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Comparisons of Forces and Moment 
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The CFD calculated post effects on the lower wing surface pressures agree 
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configurations and code validation. The numerical results on the effects of flap deflection and LE camber are 
referred to the 1998 HSR Workshop Proceedings under the High-Lift Aerodynamics. 
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Planform Effect on the Flow Features 
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Forebody Flow Pattern Comparison for W3 30/10 at a=10 
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Canard Upper Surface Flow Patterns at High-Lift Conditions 
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Computed and Measured Canard Pitching Moment Effects 
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Computed and Measured Canard Pitching Moment Effects 

HSCT Aerodynamics, Long Beach 
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Vortex Path for W2 30/10 at AoA=0 
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Particle Traces and Total Pressure Loss 
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Gap Vortex and Tip Vortex 

P > 0.985 P T > 0.980 
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ground roll inlet ingestion of the canard tip vortex 
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region. The simulated canard tip vortex that enters the inlets at alpha=0 has been verified 
experimentally in the TCA-4 test. The TCA-5 high-mount canard tip vortex is predicted to pass 
above the wing at alpha=0. 
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above the wing 
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This study has also left many questions unanswered and has shown a need for more comparisons between CFD 
results and test data. The upcoming CFD wind tunnel test in the Ames 7x10 tunnel and the upcoming TCA-5 test 
in the Ames 12’ tunnel should provide a wealth of good data for further study of this kind. The CFD test will be 
using the Ref-H configuration, while TCA-5 will be using the TCA 2.8-38 configuration. Continued work in this 
area will pave the way for further optimization of high lift aerodynamic performance 
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This report documents the comparison between CFL3D solutions and wind 
tunnel test data for TCA high lift wing/body and wing/body/nacelle 
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High Lift Technology Development (Task 33) 



In the High Lift Technology Development program (Task 33), this work 
falls in the category of Navier-Stokes Methods under Analytical Methods. 
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Objectives and Scope 

• To better understand the aerodynamics of TCA high lift configurations 

• To evaluate and document the results of comparison between 
CFL3D solutions and wind tunnel test data 

• To assess the capability of CFD methods in high lift applications 

• Configurations: 

- TCA High Lift W/B and W/B/N (partial span) 

- Flap Settings: 0/0 and 30/10 

• Test Data: 

- Integrated Forces: TCA 3 Test 

- Pressure Data: TCA 1 Test 

• CFL3D Solutions: 

- W/B Solutions: AOA=10 and 12 degrees completed by Boeing 

- W/B/N Solutions: AOA=10 and 12 degrees completed by ASE 


The main objective of this work is to evaluate and document the comparison 
between CFL3D solutions and wind tunnel test data for TCA high lift 
configurations. Through this effort, we hope to obtain a better understanding 
of the aerodynamics of TCA high lift configurations and a more accurate 
assessment of the CFD capabilities. 

The configurations we studied in this work include the baseline TCA wing/body 
and wing/body/nacelle with partial-span leading edge flaps and flap settings 
of 0/0 and 30/10. The CFL3D solutions were obtained at AOA=10 and 12 
degrees. The integrated force data were from the TCA-3 test and the pressure 
data were from TCA-1 test. 
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Outline 

Part I: Comparison of Integrated Forces 

• To compare values of C L and C D between CFL3D and Test Data 

• To evaluate lift and drag increments due to nacelles 

Part II: Comparison of Pressure Distribution on Wing Surfaces 

• To compare strength and locations of LE vortices between 
CFL3D and test data 

• To identify bad data points or pressure taps in test data 

Part III: Comparison of Change in Pressure Distribution 
from Wing/Body to Wing/Body/Nacelle 

• To evaluate the effect of nacelles on pressure distribution 

• To compare changes in LE vortex locations between W/B and W/B/N 


This report includes three parts. Part I compares the lift and drag coefficients 
between CFL3D and test data with emphasis on the predicted and measured 
lift and drag increments due to nacelles. Part II compares the pressure 
distribution on wing upper and lower surfaces between CFL3D and test data 
to show the strength and locations of LE vortices. Part III compares the change 
in pressure distribution from wing/body to wing/body/nacelle on wing upper 
surface. This comparison will reveal the effect of nacelles on the LE vortices. 
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Part I 

Comparison of Integrated Forces 


Part I includes the comparison of integrated lift and drag forces. 
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Lift and Drag Coefficients: TCA 0/0 


C L 

AOA=10 Degrees 

AOA=12 Degrees 

CFL3D 

Experiment 

CFL3D 

Experiment 

ityi 

0.3819 

0.3749 

0.4735 

0.4560 


0.4111 

0.371 1 

0.4852 

0.4500 

W/B/N-W/B 

0.0292 

-0.0038 

0.0117 

-0.0060 


c D 

AOA=1 0 Degrees 

AOA=12 Degrees 

CFL3D 

Experiment 

CFL3D 

Experiment 

W/B 

0.0581 

0.0606 

0.0890 

0.0883 

W/B/N 


0.0616 

0.0935 

0.0891 

W/B/N-W/B 


0.0010 

0.0045 

0.0008 


These two tables show the predicted and measured lift and drag coefficients 
for TCA 0/0 W/B and W/B/N configurations at AOA=10 and 12 degrees. 
Considerable differences in C L and C D are found between the CFL3D prediction 
and the wind tunnel measurements. In particular, the test data shows that C L 
decreases due to nacelles whereas CFL3D predicts the opposite. 
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Lift and Drag Coefficients: TCA 30/10 


C L 

AOA=1 0 Degrees 

AOA=12 Degrees 

CFL3D 

Experiment 

CFL3D 

Experiment 

W/B 

0.4424 

0.4260 

0.5283 

0.4981 

W/B/N 

0.4635 

0.4697 


0.5440 

W/B/N-W/B 

0.0211 

0.0437 

| 

0.0459 


O 

o 

AOA=10 Degrees 

AOA=12 Degrees 

CFL3D 

Experiment 

CFL3D 

Experiment 

W/B 


0.0505 

0.0837 

0.0686 

W/B/N 


0.0602 


0.0867 

W/B/N-W/B 

0.0081 

0.0097 


0.0181 


These two tables show the predicted and measured lift and drag coefficients 
for TCA 30/10 W/B and W/B/N configurations at AOA=10 and 12 degrees. 
Again, considerable differences in C L and C D are found between the CFL3D 
predictions and the wind tunnel measurements. In terms of nacelle effect, 
both test data and CFL3D show an increase in C L due to nacelles. 



































This figure shows the CFL3D data points on the lift curve from test data for 
TCA 0/0 configurations. 
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Integrated Force Comparison for TCA 0/0: C L vs. C 


This figure shows the CFL3D data points on the drag polar plot from test data 
for TCA 0/0 configurations. 
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Integrated Force Comparison for TCA 0/0: L/D vs. C 


-»WB 0/0 TEST 
-• WB 0/0 CFL3D 
-* WBN 0/0 TEST 
-■ WBN 0/0 CFL3D 


This figure shows the CFL3D data points on the L/D vs. C L curve from test 
data for TCA 0/0 configurations. 








ASE Technologies, Inc. 


Integrated Force Comparison for TCA 30/10: C L vs. AOA 



This figure shows the CFL3D data points on the lift curve from test data for 
TCA 30/10 configurations. 
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Integrated Force Comparison for TCA 30/10: L/D vs. C L 



This figure shows the CFL3D data points on the L/D vs. C|_ curve from test 
data for TCA 30/10 configurations. 
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Summary: Comparison of Integrated Forces 

• C L and C D values predicted by CFL3D are close to test data, 
but discrepancies exist 

• CFL3D solutions and test data show inconsistent trend in lift 
and drag increment due to nacelles 

• Suggestions for future effort:: 

- Make more CFL3D runs to expand data base 

- Investigate further into test data correction 


In summary, The predicted lift and drag coefficients are close to test data 
at certain points but discrepancies exist. In particular, CFL3D and test 
data show a different trend in lift increment due to nacelles for TCA 0/0 
configurations. 

For future effort, more CFL3D runs should be performed to expand the CFD 
data base. In addition, the detailed corrections to the test data should be 
documented to ensure consistent data comparison. 
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Part II 

Comparison of Pressure Distribution on Wing Surfaces 


Part II includes the comparison of pressure disribution on wing upper and 

°" er s J lrfaces - The comparison will be performed for the spanwise pressure 
distribution on wing upper and lower surfaces between CFL3D solutions and 
wind tunnel test data for TCA high lift configurations 


817 




This fiaure shows the predicted pressure distribution on wing upper and lower 
surfaces for TCA 0/0 wing/body configuration at AOA-10 degrees, e i 
show the streamwise and spanwise stations where the pressure taps are 

of spanwise pressure distribution will be performed 


at eight streamwise stations as shown. 
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Spanwise Pressure Distribution: CFL3D vs. Test Data 


TCA 0/0 W/B AOA=10 Degrees 



Z (inches) z (inches) 


These figures show the spanwise pressure distribution at the four upstream 
stations for TCA 0/0 wing/body configuration at AOA=10 degrees Good 

agreement is found between the CFL3D solution (shown in lines) and the test 
data (shown in legends). 
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Spanwise Pressure Distribution: CFL3D vs. Test Data 

TCA 0/0 W/B A0A=1 0 Degrees 
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These figures show the spanwise pressure distribution at the four downstream 
stations for TCA 0/0 wing/body configuration at AOA=10 degrees. Again, good 
agreement is found between the CFL3D solution and the test data. In particular, 
Both CFL3D and test data show two pressure peaks which represent two 
separate LE vortices. 
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This figure shows the predicted pressure distribution on wing upper and lower 
surfaces for TCA 0/0 wing/body configuration at AOA=12 degrees. 


821 





ASE Technologies, Inc. 


Spanwise Pressure Distribution: CFL3D vs. Test Data 


TCA 0/0 W/B AOA=1 2 Degrees 



I , i . 1 . 1 0.5 1 — * — 1 — ■ — 1 — * — 1 — * — •' 

50 100 150 200 50 100 150 200 250 
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These figures show the spanwise pressure distribution at the four upstream 
stations for TCA 0/0 wing/body configuration at AOA=12 degrees. Good 
agreement is found between the CFL3D solution and the test data. 
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Spanwise Pressure Distribution: CFL3D vs. Test Data 

TCA 0/0 W/B A0A=12 Degrees 
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These figures show the spanwise pressure distribution at the four downstream 
stations for TCA 0/0 wing/body configuration at AOA=12 degrees. Good 
agreement is found between the CFL3D solution and the test data. Again, 
two pressure peaks represent the two separate vortices. 
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This figure shows the predicted pressure distribution on wing upper and lower 
surfaces for TCA 30/10 wing/body configuration at AOA=10 degrees. 
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Spanwise Pressure Distribution: CFL3D vs. Test Data 

TCA 30/10 W/B AOA=10 Degrees 
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Z (inches) 
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These figures show the spanwise pressure distribution at the four upstream 
stations for TCA 30/10 wing/body configuration at AOA=10 degrees. Good 
agreement is found between the CFL3D solution and the test data. At these 
upstream stations, there is no apparent LE vortex. 
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Spanwise Pressure Distribution: CFL3D vs. Test Data 

TCA 30/10 W/B AOA=10 Degrees 
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These figures show the spanwise pressure distribution at the four downstream 
stations for TCA 30/10 wing/body configuration at AOA=10 degrees. Good 
agreement is found between the CFL3D solution and the test data. In particular, 
the CFL3D solution and the test data picked up the same pressure peak in 
the outboard wing section. 
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This figure shows the predicted pressure distribution on wing upper and lower 
surfaces for TCA 30/10 wing/body configuration at AOA=12 degrees. 
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Spanwise Pressure Distribution: CFL3D vs. Test Data 

TCA 30/10 W/B A0A=1 2 Degrees 



Z (inches) Z (inches) 


These figures show the spanwise pressure distribution at the four upstream 
stations for TCA 30/10 wing/body configuration at AOA=12 degrees. Good 
agreement is found between the CFL3D solution and the test data. There 
appears to be a vortex formation off the leading edge. 
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Spanwise Pressure Distribution: CFL3D vs. Test Data 

TCA 30/10 W/B AOA=12 Degrees 



Z (inches) Z (inches) 



Z (inches) Z (inches) 


These figures show the spanwise pressure distribution at the four downstream 
stations for TCA 30/10 wing/body configuration at AOA=12 degrees. The CFL3D 
solution indicates that the LE vortex remains attached to the wing upper surface 
whereas the test data does not contain the pressure peak. Otherwise, good 
agreement is found between the CFL3D solution and the test data. 
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Wing Surface Pressure Distribution 

TCA 0/0 W/B/N AOA=10 Degrees 



.-art g jg l I: 



This figure shows the predicted pressure distribution on wing upper and lower 
surfaces for TCA 0/0 wing/body/nacelle configuration at AOA=10 degrees. 

It appears that the two vortices off the leading edge merged into one in the 
outboard region. 
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Spanwise Pressure Distribution: CFL3D vs. Test Data 

TCA 0/0 W/B/N AOA=10 Degrees 



Z (inches) z (inches) 


-2.5 



Z (inches) 


-2.5 

’ T > T T T T 

-1.5 

Q. 

o 

-0.5 

^ ./U : 


0 Q ^ Q 

0.5 

x ! — . i . , 1 


Z (inches) 


These figures show the spanwise pressure distribution at the four upstream 
stations for TCA 0/0 wing/body/nacelle configuration at AOA=10 degrees. 
Good agreement is found between the CFL3D solution and the test data. 
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Spanwise Pressure Distribution: CFL3D vs. Test Data 

TCA 0/0 W/B/N AOA=1 0 Degrees 
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These figures show the spanwise pressure distribution at the four downstream 
stations for TCA 0/0 wing/body/nacelle configuration at AOA=10 degrees. 

The two distinct pressure peaks in the test data show that the two LE vortices 
remain separate. However, there is only one peak in the CFL3D solution 
which indicate the merging of the two LE vortices 
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Wing Surface Pressure Distribution 

TCA 0/0 W/B/N AOA=12 Degrees 




This figure shows the predicted pressure distribution on wing upper and lower 
surfaces for TCA 0/0 wing/body/nacelle configuration at AOA=12 degrees. 
Unlike the case at AOA=10 degrees, It is clear from the pressure distribution 
that the two LE vortices remain separate in the CFL3D solution. 
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Spanwise Pressure Distribution: CFL3D vs. Test Data 

TCA 0/0 W/B/N AOA=12 Degrees 
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These figures show the spanwise pressure distribution at the four upstream 
stations for TCA 0/0 wing/body/nacelle configuration at AOA=12 degrees. 
Good agreement is found between the CFL3D solution and the test data. 
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Spanwise Pressure Distribution: CFL3D vs. Test Data 

TCA 0/0 W/B/N A0A=12 Degrees 



Z (inches) Z (inches) 


These figures show the spanwise pressure distribution at the four downstream 
stations for TCA 0/0 wing/body/nacelle configuration at AOA=12 degrees. 

As in the test data, two pressure peaks are found in the CFL3D solution which 
indicate the separate LE vortices in the flow. 
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This figure shows the predicted pressure distribution on wing upper and lower 
surfaces for TCA 30/10 wing/body/nacelle configuration at AOA=10 degrees. 
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Spanwise Pressure Distribution: CFL3D vs. Test Data 


TCA 30/10 W/B/N AOA=10 Degrees 



Z (inches) z (inches) 



0.5 1 * * * * . I 

50 150 250 350 

Z (inches) 



0.5 1 — * — * — • — i — . i . I 

50 150 250 350 450 

Z (inches) 


These figures show the spanwise pressure distribution at the four upstream 
stations for TCA 30/10 wing/body/nacelle configuration at AOA=10 degrees. 
Good agreement is found between the CFL3D solution and the test data. At 
these upstream stations, there is no apparent formation of a strong LE vortex 
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Spanwise Pressure Distribution: CFL3D vs. Test Data 

TCA 30/10 W/B/N AOA=10 Degrees 
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These figures show the spanwise pressure distribution at the four downstream 
stations for TCA 30/10 wing/body/nacelle configuration at AOA=10 degrees. 
Good agreement is found between the CFL3D solution and the test data. 
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Wing Surface Pressure Distribution 

TCA 30/10 W/B/N AOA=12 Degrees 





This figure shows the predicted pressure distribution on wing upper and lower 
surfaces for TCA 30/10 wing/body/nacelle configuration at AOA=12 degrees. 
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Spanwise Pressure Distribution: CFL3D vs. Test Data 

TCA 30/10 W/B/N A0A=12 Degrees 
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These figures show the spanwise pressure distribution at the four upstream 
stations for TCA 30/10 wing/body/nacelle configuration at AOA=12 degrees. 
Good agreement is found between the CFL3D solution and the test data. 
There appears to be a vortex formation off the leading edge. 
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Spanwise Pressure Distribution: CFL3D vs. Test Data 

TCA 30/10 W/B/N AOA=12 Degrees 
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These figures show the spanwise pressure distribution at the four downstream 
stations for TCA 30/10 wing/body/nacelle configuration at AOA=12 degrees. 

The CFL3D solution indicates that the LE vortex remains attached to the wing 
upper surface whereas the test data does not contain an apparent pressure peak. 
Otherwise, good agreement is found between the CFL3D solution and the test data. 
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Summary: Comparison of Pressure Distribution 

• CFL3D solutions and test data show similar overall trend in 
pressure distribution on wing upper and lower surfaces 

• Discrepancies exist in the location and strength of leading 
edge vortices between CFL3D solutions and test data 

• Tested configurations are slightly different from CFD models 
which may explain some of the discrepancies 

- Chines and vertical tails in tested configurations 

- Effect of post and walls in wind tunnel on pressure data 


In summary, CFL3D solutions and the test data for TCA W/B and W/B/N 
configurations agree fairly well in the pressure distributions on wing upper 
and lower surfaces. In a few cases, e.g., TCA 0/0 W/B/N at AOA=10 degrees 
and TCA 30/10 W/B and W/B/N at AOA=12 degrees, some discrepancies 
exist in following the LE vortices. 
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Part III 

Comparison of Change in Pressure Distribution 
from Wing/Body to Wing/Body/Nacelle 


To better understand the findings in the pressure distribution comparison, 
we computed the difference in pressure coefficient between wing/body 
and wing/body/nacelle configurations and present the delta-Cp comparison 
in this section. The focus is on the vortex behavior off wing upper surface 
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Difference in Pressure Distribution 
on Wing Surface (WBN-WB) 

TCA 0/0 AOA=10 Degrees 




This figure shows the contours of Delta-Cp between TCA 0/0 W/B and W/B/N 
configurations on wing upper and lower surfaces, as predicted by CFL3D 
solutions at AOA=10 degrees. The behavior on the wing lower surface is very 
much as expected. On the wing upper surface, the positive and negative peak 
indicate an outboard shift in vortex location due to nacelles. 
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Difference in Spanwise Pressure Distribution (WBN-WB) 

CFL3D vs. Test Data; TCA 0/0 AOA=10 Degrees 



Z (inches) z (inches) 


the test data show ,ittle change in pressure distribution from W/B 
to W/B/N on wing upper surface. The above figures show the Delta-Cp plots 
tor the four upstream stations. 
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Difference in Spanwise Pressure Distribution (WBN-WB) 

CFL3D vs. Test Data; TCA 0/0 AOA=10 Degrees 
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Similar discrepancies in the Delta-Cp comparison between CFL3D and test 
data in the Delta-Cp plots for the four downstream stations. It is noted that 
this is the only case (TCA 0/0 AOA=10 degrees) that such major discrepancies 
exist. Good agreement is found for all other cases as will be seen in the 
remainder of this section. Based on the discussion with high lift team members, 
for the case of TCA 0/0 AOA=10 degrees, it is difficult to capture the leading 
edge vortices using CFL3D without tuning the Baldwin-Lomax turbulence 

models. 
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Difference in Pressure Distribution 
on Wing Surface (WBN-WB) 

TCA 0/0 AOA=12 Degrees 




This figure shows the contours of Delta-Cp between TCA 0/0 W/B and W/B/N 
configurations on wing upper and lower surfaces, as predicted by CFL3D 
solutions at AOA=12 degrees. There is very little change from W/B to W/B/N 
in the pressure distribution on wing upper surface. 
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Difference in Spanwise Pressure Distribution (WBN-WB) 

CFL3D vs. Test Data; TCA 0/0 AOA=12 Degrees 
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At the four upstream stations, CFL3D solution agrees well with the test data 
in the Delta-Cp comparison on wing upper surface. 


848 






ASE Technologies, Inc . 


Difference in Spanwise Pressure Distribution (WBN-WB) 

CFL3D vs. Test Data; TCA 0/0 AOA=12 Degrees 
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ftltinnc a9reement ' S f ° Und in the Delta - c P comparison at the four downstream 
stations on wing upper surface between CFL3D solution and test data. 


849 




This figure shows the contours of Delta-Cp between TCA 30/10 and 
W/B/N configurations on wing upper and lower surfaces, as pred'c y 
CFL3D solutions at AOA=10 degrees. There is very little change from W/B 
to W/B/N in the pressure distribution on wing upper surface. 
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ASE Technologies, Inc. 


Difference in Spanwise Pressure Distribution (WBN-WB) 

CFL3D vs. Test Data; TCA 30/10 AOA=10 Degrees 



Z (inches) Z (inches) 



Z (inches) Z (inches) 


At the four upstream stations, CFL3D solution agrees well with the test data 
in the Delta-Cp comparison on wing upper surface. 
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ASE Technologies, Inc. 


Difference in Spanwise Pressure Distribution (WBN-WB) 

CFL3D vs. Test Data; TCA 30/10 AOA=10 Degrees 



Z (inches) Z (inches) 



Z (inches) Z (inches) 


Similar agreement is found in the Delta-Cp comparison at the four downstream 
stations on wing upper surface between CFL3D solution and test data. 
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This figure shows the contours of Delta-Cp between TCA 30/10 W/B and 
W/B/N configurations on wing upper and lower surfaces, as predicted by 
CFL3D solutions at AOA=12 degrees. There is very little change from W/B 
to W/B/N in the pressure distribution on wing upper surface. 
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ASE Technologies, Inc. 


Difference in Spanwise Pressure Distribution (WBN-WB) 

CFL3D vs. Test Data; TCA 30/10 AOA=12 Degrees 
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At the four upstream stations, CFL3D solution agrees well with the test data 
in the Delta-Cp comparison on wing upper surface. 
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Difference in Spanwise Pressure Distribution (WBN-WB) 

CFL3D vs. Test Data; TCA 30/1 0 AOA=12 Degrees 



Z (inches) Z (inches) 



Z (inches) Z (inches) 


Similar agreement is found in the Delta-Cp comparison at the four downstream 
stations on wing upper surface between CFL3D solution and test data. 
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ASE Technologies, Inc. 


Summary: Comparison of Change in Pressure Distribution 
from Wing/Body to Wing/Body/Nacelle 

• Test data show little or no change in the strength and location 
of leading edge vortices between W/B and W/B/N 

• For TCA 30/1 0 W/B and W/B/N configurations, CFL3D solutions 
agree well with test data in this comparison 

• For TCA 0/0 W/B and W/B/N configurations: 

- At AOA=1 2 degrees, CFL3D results agree with test data 

- At AOA=10 degrees, CFL3D shows an outboard shift 
in vortex location from W/B to W/B/N. 

• CFL3D solutions for TCA 0/0 W/B and W/B/N at AOA=10 degrees 
were updated and similar results were obtained from the comparison 


In summary, we completed the comparison of change in pressure distribution 
from wing/body to wing/body/nacelle configurations on wing upper surface 
between CFL3D solutions and the test data. The test data show very little 
change in the pressure distribution on the wing upper surface due to nacelles. 
And the CFL3D solutions agree well with the test data except in the case of 
TCA 0/0 at AOA=10 degrees. Further investigation into the CFL3D solution 
for TCA 0/0 wing/body/nacelle configurations at AOA=10 degrees is warranted 
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Numerical Analysis of Lateral Control Characteristics 
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HSCT Aerodynamics, Long Beach 
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Simulation of the lateral control characteristics of the high-mount canards will be conducted as a pre-test 
analysis for the TCA-5 test. 
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Actual Geometry Constant Cross Section 
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Chin Fin Vortex Influence on the Forebody Pressure 
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that of the side force. This is due to the fact that the moment arm decreases as the axial distance 
from the nose increases. 
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Effects of Chin Fin Angle on TCA 4 Side Force & Yawin 
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Chin Fin Vortex Traces at a=-10, 8=20 


T3 

OJ 

S 


a> 

> 


o .ti 

c/3 

s 2 

Q , O-i 
G G 
OJ & 

s ^ 

_ri c/3 

^ G 

c/3 4< 
OJ -V 

2 ^ 
0x0 ^ 
oj 4« 

-o o 


OJ — 
OJ G 

C ^ 

§ S 

G G 

qs ^ 

•S ja 

* s 

o 


G 

O 

+-» 

-G 

M 


o 


X 

oj 
t; 
o 
> 

g oj 

.5 o 


I oj 
G JG 
JG ^ 
Ou C 

13 c 
g 13 

J_> 

c /2 
c/2 

OJ 
G 
OJ 

\3 D 

O y 

sS| 

OJ G 

C/2 


G 

G 

O 

e 


o 

4 

w 

G 

O 

oj 


2 
■+— > 
G 
O 
oj 


G 

G t3 

•I 3 
£ 8 
^ I 

g o 
£ o 
o = 

c/2 no 
OJ <3 

5 I 

^ G 

o o 

6 £ 

I 

a Ph 

*-» o 

C/3 

• ^-4 w 

4h 

"O o 

G 

•w 

c/3 


O 
,0J 

CO 4 
•25 4h 

JG OJ 

£ .2 
■ « ° - 
£ ^ £ % 


G G 

4 

u o 

<4— > -4— > 

G 


C ^ 
. G * 


G 

or 

oj 


JG 

o 

OJ 
c* 5/3 

4-t G 
O O 

>> 

TJ 

G 

w 

C/2 

4 
0) 

JG 

<w 
4 

,G 


a 

OJ 

S' 

o 

OJ 

JG 

H 


oj 

£ 

CO 

G 


C/2 

OJ 

x *G 

OJ W 

G -r" 


O 


4 

OJ 


OJ _* 

jg 2 

H J3 

. £ 

ft G 
OJ 

oj > 

5-i O 

bD t3 

OJ ^ 
T3 

o £ 

^ •§ 

4h > 

O 
G 

*G 

u 


OJ 

C/2 

G 
CJ 

8 ® 

C II 

s ^ 


G 

JG 


3 

OJ 

pG 


£ 

cfi 2 

OJ 

OJ & 

Uh G 
bO rG 
cu a 
73 a 

o w 

I 0 ^ 

a i 

pG 2 

^ E 

G ^ 

- ra 

cd a 
• 

O j 

o G ^ 

G G O 
H u< cd 

B « 
g « e ? 


4 

o 

> 


pG 

o 


o ? 

> M 

c "Sb 

o c 

CJ G 
n <U 


v s 7 

0> 4> Sn 

OJ bJO 
^ C/3 OJ 


C/3 C/3 


G 

4 

G 

OJQ 

pX 

OJ 

G 

■4— » 

> 

>> 

T5 

^4— » 

G 

o 

JG 

C/3 

X 

OJ 

4-^ 

4 

r3 

JG 

-4— » 

o 

*-» 

c 

G 

O 

pG 

w 

4 

w 

> 

OJ 

c 

4 

G 

OJ 

G 


G 

o 

o 

o 

« 

c2 

2 

JG 

O 

G 

4^ 

T3 

OJ 

C/3 

» 

x: 

H 

"bb 

G 

G 

4-i 

OJ 

£ 

-4— » 

c 

o 

o 

C/3 

2 

H 

c 

£ 

OJ 

P, 

o 

C/3 


882 





8 

cA 

f\ 

O 


8 

fa 

cs 

c« 

u 

•mm 

fa 

.22 

'u 

fa 

V 

© 

u 

cs 

*c 

U 

£ 

£ 

E 

c 

fa 

c 

pC 

u 

o 

pfi 

4> 

Urn 

© 

fa 


3 


*o .£* 
<u >3 
t3 o 

2 -8 
fa CD 
05 fa 

3 rP 


£ 

- ,_ O 

- CS c 

rFy. 


^ £ o 


_ CO 
3 CD 
O o 
X X 

03 ^ 

fa O 

3 > 
60 - 
• i— < fa 

*a « 

o c 

2 2 

C O 

*2 

.£ £ 

-C o 

O £ 

>» 3 
T3 O 
O 

x £ 

<D 5 

fa 03 

t£ T3 

^ fa 


<d 

X 


03 

O 


+-> X) 

£ - E 
^ X 

"* fa 

o 


05 


Q> fa 
3 « 


a 

<£ 

£ 

o 


02 

<D 

CD 

fa 

60 

CD 


X X 

CD O 

-S <N 

fa-* ^ 

o ° 
o S 
£ -2 

O O 
W o 
co X 
> 0) 
O ^ 

•S -fi 


cc 

05 

o 


<D 

X 

H 

05 

fa 

3 

O 

4— » 

c 

o 

o 

05 

o 52 

£ 1 
3 C 

05 Q 
05 X 

CD ° 
fa 05 
Gh 05 

— O 

3 

fa 

O 

fa 

"3 
3 

cd _ 

05 CD 

9 3 

C3 'fa 
fa O 
fa X 

CD <D 

o -S 


c3 ~ 

CD t+ - ( 
X <D 

3 co 

a v 


05 


<D 

fa 

3 

05 

05 

3 


13 


fa fay 
, fa 3 

X P Qj p 


fa 

3 

X 

O 


05 

<D 

CD 

fa 

60 

CD 


H X 


3 
X 1/5 

t.a 

S ~ 

£ > 
fa 


05 

3 


CD 

£ 

05 

3 

X 

<D 

t: 

o 

> 


X 
CD 

t2 

CD O 

X > 

D> >? 
X ^ 
X o 
fay X 
O CD 

3 O 
O X 

• 

S o 
> c 

S "3 
O Cfl 

° P 
a o 
5 o 

' -C 

c « 
O -o 
C c 

a «3 

o * 

o o 

e ts 

a o 

-fa *> 

£ c3 
c § 

fai x 

.9 .£ 

fa (D 
9 -3 

£ e 
£ «D 

>% o 

$ £ 

3 X 

O 

X X) 


05 

CD 

3 

fa 

fa 

05 

3 


05 

3 

O 

• 

o 

2 


X c 

CD *" H 
X 

3 CD 

60 tJ 

X o 

05 > 

X ^ 

p € 


884 


•Mt 











Chin Fin Force and Moment Build- 
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Computational Run Matrix for High-Mount Canards 
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High-Mount Canard Force and Moment Build-Up for A8e=15 
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- provides greater asymmetry in the canard region 

- influenced by favorable vortex interaction in the cross flow 
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Increase UD, Develop Anaiysis/Design Methodoldgy 
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The outline for this talk is listed here. This presentation will basically cover the objectives, background 
material, proposed plans for a 7x10 validation test, and some pre-test CFD predictions. 
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Outline 
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Objectives 
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Will complement the existing data obtained. 



The 7x10 CFD validation test is a joint effort between NASA and Industry. The team members from 
each organization are listed. 
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Team Participants 
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The acquisition of force and moment data and surface pressures do not provide enough information 
about the flow physics to adequately validate/calibrate the Navier-Stokes codes for these highly 3D 
vortical flow fields. In order to eventually use these codes for design and rely less on wind-tunnel testing, 
the researcher must have confidence in the predicted results. The codes should be able to predict flow 
features such as boundary-layer transition, 3D vortical flow fields, surface flow quantities, and total 


<D 

£ 


JB 


c/3 

<D 

S-i 

P 

C/3 

C/3 

<D 

i-r 

& 


923 


CFD Validation Test 

Measurement Requirements 
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A CFD validation test is planned in Ames’ 7x10. Detailed flow measurements will be obtained on an 
already existing model, the 2.2% Reference H model, which was tested in NTF. The plan of test will 
cover only two angle of attack conditions: 8° and 12° at M = 0.3 and a Reynolds number, which is based 
on the mean aerodynamic chord, of 4 million. The 8° and 12° angle of attack cases were chosen since 
they are representative of an attached and separated flow field. The idea here is to correlate the measure- 
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CFD Validation Test 
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Pitot rakes - measure total pressure in the wake. 
Balance - Total forces and moments. 


The Reference H has been tested before, and there are existing 6.0% and 2.2% scale CFD solutions for 
this particular configuration, which is the wing/body with all leading edge flaps deflected at 30 degrees 
and all trailing edge flaps deflected at 10 degrees. Since this is the first time this model will be tested 
in the 7x10, the effect of the post- mount on the flow aerodynamics was assessed using A502. Getting 
accurate total pressure measurements using either a pitot tube rake or Kiel tube in the wake was another 
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Pre-test CFD Results 
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The 2.2% Reference H model is shown mounted sideways, which is necessary to perform PIV . An 
existing post and box beam are also shown. The model is mounted to the post via a sting, which is being 
designed and fabricated at Ames. 
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The A502 solution is shown for the model and post, which are inside the 7x10. Note the sting and 
box beam were not modeled. This figure depicts surface pressure coefficients, and shows that the post 
has little effect on the model; however, there is some pressure variation seen on the tunnel walls due to 

the post and model. 
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Ref. H W/B, Flaps LE 30/TE 10 in ’7x10’ With Half Post 
A502 Solution for Mach 0.3, Model Alpha 12 Degrees 
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This figure shows that the extracted surface pressures on the right and left wing of the model are the 
same with the post mounted in the tunnel; the surface pressure distribution curves lie on top of each 
other. As shown in the figure, an inboard and outboard location was chosen for this comparison. 
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Ref. H W/B in Ames 6 7xl0’ with Half Post 48” From Tip TE, Flaps 30/10 
A502 Wing Surface Pressures for Mach 0.3, Alpha 12 Degrees 
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Note: Pressures on the port side wing are practically identical to the ones on the starboard side 



This figure shows the effect of the model and post on the near and far walls of the wind-tunnel. 

A ± 0.02 range in total pressure coefficient is seen for all streamwise locations. The largest variation in 
pressures are seen near the post-mount. It would probably be prudent to model the tunnel walls for the 
CFD calculations. 
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Ref. H W/B in Ames 6 7x10’ with Half Post, Flaps 30/10 
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The Navier-Stokes solutions using CFL3D are shown for the 8° and 12° angle of attack conditions. 

The wind tunnel Reynolds number is 8 million, or 4 million based on MAC. The 8° case reveals that the 
flow over the Reference H is mostly attached, although there is a small inboard vortex. Unlike the 8° 
case, which shows attached flow over the outboard portion of the wing, the 12° case shows a highly 3D 
vortical spanwise flow, which results in extensive separation on the outboard wing region. Of particular 
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CFL3D Flow Solutions for Reference H 30/10 Configuration 
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ake Survey Locations for Refere 

a = 12 deg 
Model is pivoted 46.33 in 




At 1 tip chord downstream of the trailing edge, the solution is plotted in terms of v and w angular 
velocities in the cross flow plane. The predicted flow angles exceed the measuring capabilities of both 

the pitot rake and the Kiel tube. 
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At 5 tip chords downstream of the trailing edge, the angular velocities have decreased, and a Kiel tube 
may be sufficient to measure total pressures at this station. 
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Wake Flow Prediction for Reference H 30/10 Configuration 

M = 0.30, Re = 8 million, a = 12 deg. 

Solution at 5 tip-chords downstream of the trailing edge 



9 




At 10 tip chords downstream of the trailing edge, the v and w angular velocities are reduced further, 
but still not enough to confidently use a pitot rake for measuring total pressures. 
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Wake Flow Predictions for Reference H 30/10 Configuration 

M = 0.30, Re = 8 million, a = 12 deg. 

Solution at 10 tip-chords downstream of the trailing edge 
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In conclusion, the Ames’ 7x10 wind-tunnel test presents a great opportunity to acquire some detailed 
quantitative and qualitative flow measurements. This data will complement already existing wind-tunnel 
data as well as provide much needed flow field information for future code development and validation. 
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4d wake was modeled 
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Modeling of Post/Fuselage Intersection 
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Angle of Attack, a (deg.) Angle of Attack, a (deg.) 
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Effects of Post/Wake Models on Ref H Drag 
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Angle of Attack, a (deg.) Angle of Attack, a (deg.) 
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using the same method as with the 14x22-ft 
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DACVINE model 

Predicted lift & drag increments close to Ref H 
test data 
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Applying Ref H increments to 12-ft is a reasonable 
assumption based on DACVINE predictions 
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Evaluation of the Linear Prediction 
of the Effects of Planform Variation 
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Trimmed Polar: 
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Comparison of Wing Planforms Tested in TCA 4 
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Aero2s - Effects of Planform Variation 

Undeflected Flaps 
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Angle-of-Attack, a (deg.) 
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Lift Coefficient, C, 
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Aero2s - Effects of Planform Variation 
LE/TE Flaps 30710° (Full-Span) 
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Angle-of-Attack, a (deg.) 
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Aero2s - Effects of Planform Variation 
LE/TE Flaps 30710° (Full-Span) 
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Drag Coefficient, C 
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Aero2s - Effects of Planform Variation 
LE/TE Flaps 30710° (Full-Span) 



1013 


Lift Coefficient, C 



HSCT High Lift Aerodynamics 



CM 


W 


0 2 
£ CL 
ir 0 


X 

0 


© ' 
_ .c o> 
g>-*- c 

0 — 5= 
0 ^ 


C O — ® 

o?<sr 


O =5 


£ 5 o 


E _ 0 0 0 
C TJ «• m 
U U (I) w 4- W 

o 0 X ■= © © 


^ S 0) « V u X ._ 

,_ 4-> o "n 0 re^O 

00fc-__Xa) — w 

r 2! O- aw 

© 5 > § = ® 00 

£ a. © J, o £ 

5 <0 Q)». ** 

O q -n ™ ^ *5r 

C c C ^ ® C 


(0 (i) 

J — vu — * __ Jfj 

= <2 .2 >• o 2 

3 ffl <0 c ?■ 

3 0) -C O W 0 

g 0 ** 'Z © -c 

2: « o ^ 

; (A «J S--D £ 

- o % © ■" 2 

V JS J m 

® 5 3 f 3 
j= c o 5 w 
£: <d o .2 © 

. i 8 S £ 

i &s &l 

.2 9- o © > 

« 8 « ; | 

i D 2 0 O) o 

U) £ 0 "D '4= 

53 - .£ 0 3 
C .E — rj) 
g W © C £ 

3 K =5 » 

-.**= o 0 ■O 

£ o £"S 

®£ 5 J! 8 >< 

.c o £ £ — g 

<Dio ? .Et 

■g * w S & § 

£ c ^ O) 

+= To .E o c © 

© 0 5> 0 0 o> 

<— 0 «£ .£ 73 

S £ £ 0 u ® 


0 *0 
aw 
0 0 
£ © 

■S © 

3 | 
’O ° 

w w 
w a 

c « 
© © 

E £ 

S?£ 

O 0) 

c 3 

” O 


0 0 

£ S w w 

XZ C 3 0 

0 0 o 5 

a E o : 

-if 


© 

o 

c 

0 


0 

It: 


c £ 

0 5 

§=- 

O) 

c >• 

m E n 

o 0 

a c 

a o 

® g 

JC 0 

4-* 1_ 

+-*' -3 
C 0 

o 3 

2-E 

S 8 

W 0 

0 J= 

■Q 0 

c 
o 


0 

a. ^ ^ 

X 0 5 

© o> (0 
_ 0 C © 
£ x: o > 

<0 © W g 

^ "= © z! 
.2f ££ 

■o > I 

2 * 
o ft® 

i I ! z 
•IgS 

c £ 

0 0 


£ 

o 


o 

TJ 


0 

w i= s C c 
0 +* £ 3 2 

■§ B © J £ 

3 3 2^=5 

o 

° w 2 « _ 

<D «2 ■“ 3 S= 

JZ c 0 0 ir 

I— 0 ) o o o 

~ r- •*- 

• O A) C *4 

0 = 2 o c 

« C 0 ? 3 


0 .2 


0 © <= £ o 

■o o x= £ g 

« « ■o » o 

c C 0 O) 0 

•"* 


0 


2 0 
0 ” 

2s 


c - g = 2 

S o = 5 = 

2 8 8 

| ^ S 5 .2 

c TJ « ♦- - 

2 C ^ C 0 

»fc 0 .= O 0 


1014 






© 

(ft 

£ c 
c — 

o. <u _ o <5 

W TO O ~ Q. 

C X3 “ W 


© 

N 


■"—>© fl> 

C <0 > Q. = 

O r Cl ® m 

t; © SS r- © 

•= .§ a, .2 8 

§ S ®f - 

o o O) TO c 

~ © c 5= £ 

3 i T3 C i: 

■n — <0 <0 
^ 0 o W 
TO = “ (ft (ft 
® *° C TO 

a ® a« c 

O ts V “• O 

tills 

= TO 2 *- O 
© o 0) TJ O 
C a .C C _ 

© +* TO £ 

C £ ir - 5 

0 ^ O O Q. 

C •*“ O) ^ 

<2 5 tj S’-i 

u o fl) i E 

2> $ c W © 
t ■JS © 3 TO 
® S « ^ vO 

a) ■“ <d o £: 

r t ^ £ O 

; c q +j to 

a £ © 'g -s 

5 s & 2 O 

1 o. « 2 -g 

5 1: « ® B 

j ® g £ £ 

u "O - O 3) 

5 <P S - § 

? o>5 -g - 

■ .£ o £ 'o o 

2 ■§ E a o 3 

: J £2€S> 


<D is 

O) I >, c 

TO C Ui ^ — 

^ o c o © ■o 

s ^ = w :* © 

« « ro « . Z ■£ 

TO TO © t- .X CO <5 

IvI^OOS 
_ O ® ^ TO c o 
Q. C i- ±3 c ° 

iS *2 > o to w w 

- u 5 5 



w — — © © 

£ £ o a £ © to 

r £ © S g S 

TO Jr TJ (ft ™ E 

i£§ § *|S 

I'g'S 0-0.= 

£ TO 'O C = *- 2 

TO *2 C “ TO © -Q 

w -s 3 a. £ T3 

TO 9 C TO S 2 

ts *L © ■- T o 3 

© t! © O 
(ft TO “ 


® o. 

2 * r 

I?? 


© TO 

o 


Co O) ■— v. TO 

1 5 ! .£ s £ S 2 

® Z E to c -o © 

y 3 a ° = ® - 

X O £ C £ TO 

© n ’? c += ■? 

© to * 5\ ” *i- £ 

+* 2 ts © <g *- E 

^ ^ ft (C r *— 

2 5- > TO © O) <j> 

£ 3 © £ O = a 

■o C o> *- c c g 

ncfSgcS 
? o •5 O) O ^ "O < 


TO Q. ^ © 

S? © *r ±3 

O Q 


- ^ 
9- 0 

TO TO 

g * 

Q. O 
<« CO 

tr ® 
to a 
a. c 

© TO 

£ © 
k £1 

o a 


— TO 
T3 ^ 
© 

— 

.9 x 
■o © 

© r 

.£ T3 


© 

© 

TO 

© 


© 

(ft 

TO 

© 

k. 

O 


c ® 

TO ^ 

o o 

£ TO 

0 ) o 

o ® 

(ft *c 

m ® 

TO C 
£3 5 
3 2 

8 % 
*“ © 
© £ 
<N 

O JI 

© §>■ 

< l 

© £ 

H- TO 


1016 


are not captured well. Also, as noted earlier, the absolute lift levels at these 
conditions are not well predicted. 



Angle-of-Attack, a (deg.) 
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Aero2s - Effects of Leading-Edge Flap Extent (LE/TE 30 /10 ) 

Aero2s rosults ExporirnGntsI dst3. (TOA 1 , TOA 4) 
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Lift Coefficient, C 
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Angle-of-Attack, a (deg.) Angle-of-Attack, a (deg.) 
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